Regional economic resilience provides a new perspective for explaining regional differences in response to recession shocks. This paper analyzed the regional economic resilience of Liaoning Province in China in terms of its resistance and recoverability dimensions from 1990 to 2015 and explored the determinants of regional economic resilience by constructing a spatial econometric model using panel data. There are three main findings. First, the level of regional economic resilience in Liaoning was low and its urban economy was more vulnerable to external shocks than that of the whole nation. Second, we found that factors such as the local governance arrangement, the regional innovation ability, and the level of economic diversification have significant positive effects on regional economic resilience. Factors such as the proportion of secondary industry and the GDP negatively affect regional economic resilience. Third, regional economic resilience demonstrates a spatial autocorrelation, and the improvement of economic resilience in the surrounding areas will lead to the decline of regional economic resilience.
Introduction
Regional economic development is a dynamic process that is often affected by financial crisis, recession and other shocks [1, 2] . It is often found that some regions can actively respond to external shocks and achieve sustainable economic development, while others are seriously affected by shocks and enter the long-lasting recession trajectory [1, 3] . These differences in the ability to deal with shocks have led to different development states among regions. Investigating how and why different regions respond differently to the shocks has attracted much academic attention to economic geography and regional studies [1, 3, 4] . In particular, many policy makers and studies are eager to know how old industrial bases respond to shocks and further realize economic revitalization. This is because old industrial bases are more vulnerable to shocks, such as financial crisis and resource depletion [3, [5] [6] [7] , and to falling into the trajectory of economic recession due to their special regional characteristics. Therefore, old industrial bases have an urgent need to improve their ability to cope with shocks and maintain long-term development of the regional economy.
Resilience has been a significant term for exploring the mechanisms and displaying the dynamics of how a system, or an individual, responds to and recovers from a shock [3, [8] [9] [10] [11] . The notion of resilience was first developed in engineering and ecological sciences [6, 11, 12] and was used to explain the ability of systems to return to their equilibrium states when subjected to shocks [3, 11] . When locating resilience in an evolutionary framework, it means the capacity of a region to sustain long-term development while experiencing change, adaptation and transformation to recovery after a shock [3, 4] . In the regional economic research basin, evolutionary resilience is also named regional economic resilience [2, 11] . Regional economic resilience, as explained by Martin and Sunley, means the capacity of a regional economy to withstand or recover from market, competitive, and environmental shocks to its previous developmental path, or transition to a new sustainable path [11] . Since the 1980s, the global economy has experienced several rounds of recessions, which have had significant influences on the development of regional economy [1] [2] [3] 13, 14] . Regional economic resilience has become a popular notion and is used by economic geographers and regional economists to explain why regional economies respond differently to shocks [11, 15, 16] . The current research mainly focuses on the study of the definition of regional economic resilience [1, 11, 17, 18] . Additionally, there are many qualitative or quantitative empirical studies [8, 19, 20] that use GDP growth rate, GDP, employment rate, and other indicators to analyze regional economic resilience in Western countries such as Europe, the USA, the UK, and Italy [2, 8, [21] [22] [23] . However, research on regional economic resilience in China is still limited. There are still many shortcomings in the existing research. First, most of the existing research has selected the influencing factors of regional economic resilience to be within a single time period from certain types of factors such as industrial structure [24, 25] , technological innovation ability [23, 25] , financial environment [11, 26] , and labor force [6, 27] . However, the dimensions of the influencing factors are not comprehensive enough, and the factors related to government arrangements have been ignored [19, 28] . Second, there is a lack of research on the determinants of regional economic resilience in multiple consecutive time periods by building panel data models. Third, the existing studies mainly focus on a national scale rather than regional scales, and spatial homogeneity is often assumed as a precondition in most studies, which is very likely to cause the regional characteristics [6] and the spatial correlations of different spatial unit properties to be ignored.
Driven by the above concerns, this paper studies the regional economic resilience of China, taking the Liaoning old industrial base as a case study. The paper also explores its determinants from 1990 to 2015 by establishing a panel data spatial econometric model. Liaoning Province is one of China's most important old industrial bases. The regional economic development is dominated by heavy industry, and there are still many resources and labor-intensive industries present there, which have contributed to the initial development of New China [29, 30] . After China's reform and opening up, Liaoning Province could not fully adapt to the market economy, and in the 1990s, there were a large number of enterprises that collapsed, leaving many workers unemployed in Liaoning. At the same time, affected by the Asian financial crisis, Liaoning's economy had further declined and experienced a great recession. Implementing the strategy of revitalizing old industrial bases in Northeast China in 2003 was intended to prompt the recovery of the local economy. However, the international financial crisis in 2008 had a negative impact on its economy. In 2014, the economic "cliff-like drop" in Northeast China occurred [31] , and Liaoning's economic development slowed down. Therefore, Liaoning, as the core province of the old industrial bases in Northeast China, has a typical fluctuation of economic developments, and is more vulnerable to shocks. It is a typical case that can be combined with regional economic resilience to reveal how the old industrial bases react to domestic economic reforms and external disturbances, and what factors are influential to the region's reaction to shocks are the central focuses of our research.
The remainder of the paper proceeds as follows: Section 2 describes the study area; Section 3 measures the regional economic resilience; Section 4 analyzes the determinants of regional economic resilience; and Section 5 discusses the main findings and summarizes the conclusions.
Study Area and Major Recessionary Shocks
Liaoning Province is a traditional old industrial base in China. It has 14 prefecture-level cities (Figure 1 ), which are all old industrial cities. Liaoning Province has developed a relatively complete industrial system since the establishment of the People's Republic of China (PRC) in 1949. Due to its outstanding contributions to the national industrial economy, it was called the cradle and the eldest son of the PRC [32] . In later sections, we will explain the industrial development history of Liaoning Province.
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son of the PRC [32] . In later sections, we will explain the industrial development history of Liaoning Province. The economic development of Liaoning Province has experienced its ups and downs since the establishment of the PRC. During the period of the First Five-Year Plan (1953) (1954) (1955) (1956) (1957) , about one-sixth of the state's modern industrial system construction projects were located in Liaoning [30] . By 1957, Liaoning's heavy industry output value was ranked the highest in China [32] . In the early 1990s, economic development was slowing in Northeast China; however, the economy in other parts of China developed rapidly, and the economic growth rate of Liaoning Province significantly declined. The "Revitalization of Old Industrial Bases in Northeast China" strategy was implemented in 2003, and the heavy chemical industry in Liaoning Province recovered and developed [30] . Influenced by the 2008 financial crisis, the GDP growth rate of Liaoning has dropped to 3% in 2015, which is the lowest in comparison with the other provinces of China.
The economic development of Liaoning relies on traditional industries such as mining industries. The industrial structure of Liaoning Province has been dominated by secondary industry [29, 30] . For instance, the proportions of its secondary industry in 1992, 1999, 2007, and 2015 were 50, 48, 50, and 46%, respectively. At the same time, the secondary industry of Liaoning is dominated by heavy industry [30, 32, 33] , and the heavy industry's GDP has accounted for more than 70% of the total secondary industry for a long time. Liaoning is severely restricted by natural resources and the international market. In addition, Liaoning has multiple resource-based cities and the proportion of state-owned enterprises is large [30] , which in turn has led to a rigid and single industrial structure in Liaoning. This industrial structure is vulnerable to shocks [29] . This paper divides the regional economic cycle by the change of GDP growth rate [6, 7] . Figures  2 and 3 show the GDP growth rates in China and the 14 prefecture-level cities in Liaoning, respectively, since 1990. From Figures 2 and 3 , we can see that the trend of urban economic growth rate in Liaoning was similar to that of the whole country. To make these data comparable between cities, the paper uses the "peak-to-peak" method (measuring from one peak to another peak for one The economic development of Liaoning Province has experienced its ups and downs since the establishment of the PRC. During the period of the First Five-Year Plan (1953) (1954) (1955) (1956) (1957) , about one-sixth of the state's modern industrial system construction projects were located in Liaoning [30] . By 1957, Liaoning's heavy industry output value was ranked the highest in China [32] . In the early 1990s, economic development was slowing in Northeast China; however, the economy in other parts of China developed rapidly, and the economic growth rate of Liaoning Province significantly declined. The "Revitalization of Old Industrial Bases in Northeast China" strategy was implemented in 2003, and the heavy chemical industry in Liaoning Province recovered and developed [30] . Influenced by the 2008 financial crisis, the GDP growth rate of Liaoning has dropped to 3% in 2015, which is the lowest in comparison with the other provinces of China.
The economic development of Liaoning relies on traditional industries such as mining industries. The industrial structure of Liaoning Province has been dominated by secondary industry [29, 30] . For instance, the proportions of its secondary industry in 1992, 1999, 2007, and 2015 were 50%, 48%, 50%, and 46%, respectively. At the same time, the secondary industry of Liaoning is dominated by heavy industry [30, 32, 33] , and the heavy industry's GDP has accounted for more than 70% of the total secondary industry for a long time. Liaoning is severely restricted by natural resources and the international market. In addition, Liaoning has multiple resource-based cities and the proportion of state-owned enterprises is large [30] , which in turn has led to a rigid and single industrial structure in Liaoning. This industrial structure is vulnerable to shocks [29] . This paper divides the regional economic cycle by the change of GDP growth rate [6, 7] . Figures 2  and 3 show the GDP growth rates in China and the 14 prefecture-level cities in Liaoning, respectively, since 1990. From Figures 2 and 3 , we can see that the trend of urban economic growth rate in Liaoning was similar to that of the whole country. To make these data comparable between cities, the paper uses the "peak-to-peak" method (measuring from one peak to another peak for one economic cycle) to divide the economic cycle with reference to the change of GDP growth rate at the national level [7, 8] . As shown in Figure 2 , from 1992 to 1999, the national GDP growth rate declined from 14.3% to 7.6%, which was mainly due to the retrenchment of China's market economic reform and the Asian financial crisis. This stage was in the contraction period of economic growth. From 1999 to 2007, the national GDP growth rate increased from 7.6% to 14.2%. This stage was in the expansion period of economic growth. From 2007 to 2015, the national GDP growth rate decreased from 14.2% to 6.9%, which was mainly due to the global financial crisis occurring since 2008. This stage was in the contraction period of economic growth. As shown in Figure 3 , there were significant differences in how different cities in Liaoning respond to shocks. Some cities such as Dalian were less affected by shocks, and their economy recovered more quickly than other cities which were more vulnerable, such as Chaoyang. Overall, the economic and industrial history of Liaoning Province-i.e., the emergence of heavy industries, fast industrial development, economic recession, and regional revitalization-shows an apparent path-dependence characteristic [33] , which is typical and representative for studying how a local economy responds to and recovers from shocks from the perspective of regional economic resilience.
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Based on the three-period division of the economic cycles of 14 cities in Liaoning Province explained in the previous section (Figures 2 and 3 ), we measured the regional economic resilience in this section. Martin and Sunley stress that resilience is a process that involves several elements: regional vulnerability to shocks, regional resistance to shocks, regional adaptability to shocks, and the extent of regional recovery and development after shock [11] . The vulnerability and adaptability are closely related to the resistance and recoverability, respectively. Regions with high vulnerability are more vulnerable to shocks, and their ability to resist shocks is low. The areas that can maintain development and adjust to shocks will show high recoverability characteristics in the subsequent recovery and development stages. Therefore, in this paper, resistance and recoverability are chosen to reflect regional economic resilience [6, 8] . The paper calculates the regional economic resistance or recoverability during the periods of contraction (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) or expansion (1999-2007) to display the abilities of regional economic resilience [8] . The expected change of GDP in region i during a recession or recovery, i.e., the duration of k periods, would be given as Overall, the economic and industrial history of Liaoning Province-i.e., the emergence of heavy industries, fast industrial development, economic recession, and regional revitalization-shows an apparent path-dependence characteristic [33] , which is typical and representative for studying how a local economy responds to and recovers from shocks from the perspective of regional economic resilience.
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Measuring Resistance and Recoverability
Based on the three-period division of the economic cycles of 14 cities in Liaoning Province explained in the previous section (Figures 2 and 3) , we measured the regional economic resilience in this section. Martin and Sunley stress that resilience is a process that involves several elements: regional vulnerability to shocks, regional resistance to shocks, regional adaptability to shocks, and the extent of regional recovery and development after shock [11] . The vulnerability and adaptability are closely related to the resistance and recoverability, respectively. Regions with high vulnerability are more vulnerable to shocks, and their ability to resist shocks is low. The areas that can maintain development and adjust to shocks will show high recoverability characteristics in the subsequent recovery and development stages. Therefore, in this paper, resistance and recoverability are chosen to reflect regional economic resilience [6, 8] . The paper calculates the regional economic resistance or recoverability during the periods of contraction (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) or expansion (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) to display the abilities of regional economic resilience [8] . The expected change of GDP in region i during a recession or recovery, i.e., the duration of k periods, would be given as
where R t ij is the output value of industry j in region i at starting time t, the base year, and G t+k n is the rate of contraction or expansion of the national output. Then, the resistance and recoverability can be expressed as
A resistance that is larger than 0 means that the impact of the shocks on the region is less than that on the national average level; a recoverability that is larger than 0 means that the ability of recovery in the region after the shocks is better than that on the national average level.
Results of Regional Economic Resilience Measurements
The resistance and recoverability of the cities in Liaoning Province, which is calculated based on Equations (2) and (3), are shown in Figure 4 . 
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Results of Regional Economic Resilience Measurements
The resistance and recoverability of the cities in Liaoning Province, which is calculated based on equations 2 and 3, are shown in Figure 4 . As shown in Figure 4 , the regional economic resilience levels of different cities in Liaoning were dynamically changing from 1992 to 2015, and the regional economic resilience levels were low. The resistance values of most cities were lower than 0 and these cities were quite vulnerable to external shocks from 1992 to 1999. This period occurred against the context of the Asian financial crisis. Meanwhile, old industrial bases in Northeast China, featuring traditional manufactory and heavy industries, were experiencing an economic recession [30] . These cities in Liaoning Province were suffering serious decays during this period and the resistance level of Liaoning Province to shock was low. Since 2003, when the central government of China initiated the "Revitalization of Old Industrial Bases in Northeast China" strategy, it had invested a great deal into equipment manufacturing and the raw materials industries and promoted state-owned enterprises reforms in Liaoning Province [30] . The economy of Liaoning old industrial base gradually recovered from 1999 to 2007. As shown in Figure 4 , there were 8 cities whose recoverability values were higher than 0, which indicates their high economic recoverability; there were still six cities whose recoverability values remain less than 0, which implies their poor economic recoverability. From 2007 to 2015, most As shown in Figure 4 , the regional economic resilience levels of different cities in Liaoning were dynamically changing from 1992 to 2015, and the regional economic resilience levels were low. The resistance values of most cities were lower than 0 and these cities were quite vulnerable to external shocks from 1992 to 1999. This period occurred against the context of the Asian financial crisis. Meanwhile, old industrial bases in Northeast China, featuring traditional manufactory and heavy industries, were experiencing an economic recession [30] . These cities in Liaoning Province were suffering serious decays during this period and the resistance level of Liaoning Province to shock was low. Since 2003, when the central government of China initiated the "Revitalization of Old Industrial Bases in Northeast China" strategy, it had invested a great deal into equipment manufacturing and the raw materials industries and promoted state-owned enterprises reforms in Liaoning Province [30] . The economy of Liaoning old industrial base gradually recovered from 1999 to 2007. As shown in Figure 4 , there were 8 cities whose recoverability values were higher than 0, which indicates their high economic recoverability; there were still six cities whose recoverability values remain less than 0, which implies their poor economic recoverability. From 2007 to 2015, most cities' resistance levels were less than 0, with only Yingkou, Fuxin, and Chaoyang having resistance values higher than 0, which means that the resistance of Liaoning was lower than the national average and very vulnerable to shocks.
Determinants of Regional Economic Resilience in Liaoning Province
Determining Factors of Regional Economic Resilience
Regional economic resilience is determined by a complex array of factors [8] . Regional resilience can be thought of as being determined by four main interacting economic subsystems: structural and business systems, labor market subsystems, financial subsystems, and governance subsystems [2, 4, 6, 11, 34] .
Industrial structure is considered to be a key factor affecting regional economic resilience. Different types of industry have different exposures to external competition [11] , and some studies find that the regions dominated by manufacturing and construction industries show low economic resilience [19, 24] . The secondary industry is severely restricted by resources and closely related to the market environment. When resources are exhausted or the external market demand is reduced, the regional economy will rapidly decline. The excessive development of secondary industry may limit the regional economic resilience. Liaoning Province, as a traditional old industrial base in China, has long relied on traditional industrial sectors for regional economic development. The proportion of secondary industry was high, being 50%, 48%, 50%, and 46% in 1992, 1999, 2007, and 2015, respectively. In comparison, the regional tertiary industry is developing slowly. The particular structural rigidity of the industry may have a negative impact on the economic resilience of the old industrial bases. We adopted the proportions of the added values of the secondary industry to GDP to reflect the industrial structure of the 14 cities in Liaoning Province in this study, and it is expected to have a negative effect on regional economic resilience.
When impacts occur, regions with a good labor market can attract high-quality talent from other regions, and then promote the development of the region. Regions with a high unemployment rate will lose more of their high-quality labor force and may lose confidence in their future development, which limits the performance of regional economic systems to deal with shocks [11, 27] . The old industrial bases have a large proportion of industrial sectors, and there are more employees engaged in industrial activities. When the old industrial bases were affected by the shock, it led to a large number of unemployed workers, and the regional labor market was therefore poorly developed. The level of regional unemployment rates will be a good measurement of the regional labor situation. The regions with low unemployment rate areas can create more jobs and the labor market is in a good status. Therefore, considering the characteristics of our study area, we selected the unemployment rate to reflect the labor market environment and the expected sign of the coefficient of unemployment rate on regional economic resilience is negative.
Financial environments are related to regional financing capacity. Excellent financial environments will not only attract a large amount of capital, but also attract high-end enterprises to settle in. They can provide financial support for the development of small and medium-sized enterprises, promote technology exchange and spillover, and enhance the adaptability of regional economic systems to the impact of shocks [2, 6, 11, 26] . The actual use of foreign direct investment can reflect the financial environment and openness of the region. Generally, a region with a good financial environment can attract more foreign investment and promote knowledge spillovers between domestic and foreign companies. When a shock occurs, the company can adapt to changes in the environment and maintain the sustainable development of the regional economy [6, 26, 35] . Therefore, in this paper, we set the rate of FDI to GDP to reflect the financial environment and the expected sign of the coefficient of FDI on regional economic resilience should be positive.
The development of a regional economy cannot be separated from the government's policies. The governance arrangement can guide industrial development after the shock to resist impacts and restore developments. However, the factors of government systems have been often ignored in academics [19, 28] , which may ignore the key role of government arrangements in regional responses to shocks. Positive regional support policies can support the development of enterprises, attract high-quality talent and promote technological innovation to respond positively to the impact of shocks [25, 27] . Public finance expenditure is an important aspect of government arrangement, and it can be divided into productive expenditure and nonproductive expenditure according to its economic nature, which is used to promote regional economic development. The Liaoning old industrial base has long been affected by China's planned economy regime and thus its influence still exists currently. Its economic development is greatly influenced by government policies, which means that while good government arrangements will promote the long-term stable development of the regional economy, bad ones will lead to the opposite outcomes. Therefore, the paper selected the public finance expenditure per 10 4 people to reflect the degree of government regulation of regional response to shocks. The expected sign of the coefficient of public finance expenditure on regional economic resilience should be positive.
There is a consensus among many studies that the innovation ability is an important factor for regional economic systems to deal with the impacts of disturbance [4, 6, 25] . The regional innovation level is a significant aspect of regional competitiveness, and it is also the foundation of regional long-term development. When the external environment changes, regions with high innovation levels have strong adaptability and can quickly recover or achieve path breakthroughs [2, 23] . This paper selected the proportion of employees in scientific research and technical services to the total population to reflect the regional innovation ability, and the expected sign of the coefficient of innovation ability on regional economic resilience should be positive.
The diversity of the economic structure is another important factor that influences the regional economic resilience. It is generally believed that diversified economic structures can disperse the impacts of shocks and act as a "Shock Absorber" [3, 4] so that the regions with a high diversity regional economic structure are less affected by shocks or are more likely to recover from shocks. However, regions with high economic specialization are highly sensitive to shocks [34, 35] . These areas can enter locked states easily because of the high degrees of correlation, which leads to a weaker ability to evolve to new path. When the specialization industry is affected by the impact, the industry is seriously affected, which limits the resistance and recovery of the region to shocks and can easily cause the economy to enter a long-term recession track [4, 34, 35] . The Liaoning old industrial base has long relied on heavy industry. There are close interdepartmental links and the degree of economic structure specialization is quite high, which may limit the regional economic flexibility. When faced with the impact of China's economic development pattern change or the decline in demand for industrial products, regional economies are more likely to enter a recession trajectory. Therefore, we choose the Herfindahl-Hirschman index to measure the degree of diversity of economic structure, which is based on the number of employed people in different sectors. It is noteworthy that the higher the index, the lower the diversity. The expected sign of the coefficient of diversity of economic structure on regional economic resilience should be negative. The differences in economic resilience between regions may be related to the level of regional economic development [36, 37] ; therefore, the level of regional economic development is chosen as a control variable. The economic development level is based on the GDP per 10 4 people.
Based on the literature review, data availability and regional characteristics, this study intends to explore the determinants of regional economic resilience in 14 cities of Liaoning Province using the following aspects: industrial structure, local labor market, financial environment, governance arrangement, innovation ability, diversity degree of the economic structure, and economic development level. We mainly focus on the periods of 1992-1999, 1999-2007, and 2007-2015 , and the explanatory variables are calculated at the beginning of each subperiod [25, 35] . Table 1 shows the detailed information for each variable: 
Analysis Model of Determinants of Regional Economic Resilience
Spatial Autocorrelation Moran Index
The regional economic resilience between different cities in Liaoning Province may have spatial correlation characteristics because the spatial units are not independent of each other. The interrelationship between cities may affect the regional economic resilience levels of surrounding cities. Therefore, it is necessary to test the spatial correlation of regional economic resilience. Spatial autocorrelation is used to check whether there is spatial dependence between adjacent regions. If there is a spatial correlation, the dependence of spatial unit attributes should be considered in the regression analysis, and the regression analysis is performed by means of a spatial econometric model. Spatial autocorrelation is generally measured by the global Moran index
S 2 represents the variance; Z represents the mean, Z i represents the observed value of the city i; n represents the number of research objects; and W ij is the spatial weight matrix. This paper uses the near-space weighted matrix, that is, the weight between adjacent areas is 1, and the weight between non-adjacent areas is 0. If Moran's I > 0, then it indicates a positive spatial autocorrelation; if Moran's I < 0, then it indicates a negative spatial autocorrelation; if Moran's I = 0, then it indicates no spatial autocorrelation.
Spatial Econometric Model
The spatial econometric model considers the interaction between neighboring regions when the subjects are not independent. The most commonly used spatial econometric models are the spatial lag model (SLM) and the spatial error model (SEM) [38] , which can be expressed as Formulas 5 and 6, respectively
where y it is the dependent variable matrix of region i in the t period; X it is the independent variable matrix of region i in the t period; and W ij is the spatial weight matrix. This paper uses the near-space weighted matrix as mentioned in Section 4.2.1. β reflects the parameter values of variable X it . ρ is the spatial autoregressive coefficient, and ρ reflects the influence of the adjacent areas on the area i. ε is the residual value. The SLM mainly discusses whether the dependent variable of region i is affected by the spillover effect of its neighboring areas.
µ it and ε it are random disturbance term, and λ is the spatial error autocorrelation coefficient, and λ reflects the influence of the adjacent regions' error impacts on area i. The spatial dependence of the spatial error model exists in the error term, which measures the adjacent region's error impact on dependent variable. The dependent variables in this paper are the resistance index during the recession period, and the recoverability index during the expansion period.
Estimation Results
This part shows the results of the spatial correlation of the regional economic resilience in Liaoning Province in 1992-1999, 1999-2007, and 2007-2015 . As shown in Table 2 , there was a significant spatial autocorrelation of the resistance in 1992-1999 and the recoverability in 1999-2007, which means that it is necessary to consider the spatial dependence relationship of regional economic resilience when analyzing the determinants of regional economic resilience in 1992-2015. The spatial econometric model can reveal the dependence of regional economic resilience. Table 2 . Global Moran's I of regional economic resilience. This paper used the Hausman test to decide if the model fit (a fixed effect model or a random effect model). The t statistic value is 38.664 and the p value is 0.001 for the results of the Hausman test, which refused to select the zero hypothesis of random effect model. Therefore, we chose the fixed effect spatial econometric model as the regression model using panel data, and this panel data model contains changes in 8 variables in 14 cities over three cross-sections. At the same time, the paper constructed a cross-section data model, and measured the regression results of the influencing factors in three time periods respectively, and then we compared with the regression results of the spatial panel data model to reflect the advantages of the panel data model. Table 3 displays the regression results. The second to fourth columns in Table 3 are the panel data model regression results, and the last three columns are the cross-section data model regression results. Among them, during the 2007-2015 period, the Moran index of regional economic resilience was not significant (see Table 2 ), so the last column in Table 3 is the regression result of the traditional OLS model. As shown in Table 3 , the spatial econometric model, which considered the spatial dependence characteristics of regional economic resilience, fits better than the traditional regression. The goodness of fit (R 2 ) and the LogL value are higher than that of the traditional OLS model. At the same time, the regression results of the panel data model were better than the cross-section data model. Most of the variables in the cross-section data model cannot pass the significance test. The panel data model can take into account the time evolution and regional characteristics, and the regression results are more scientific. The higher LogL value indicates a better estimation effect of the model. The LogL value of the SEM (1992-2015) is the largest among the six models, and most of the independent variables are statistically significant. Therefore, we chose the SEM as the final regression model for exploring the determinants of regional economic resilience in the 14 cities of Liaoning Province.
From Table 3 we can see that the regional public financial expenditure had a significantly positive impact on the regional economic resilience of Liaoning, and the estimated coefficient is 1.021. An increase of local public financial expenditure will enhance the resilience of regional economic systems to external shocks. The rate of employees in scientific research and technical services in the total population will also significantly and positively affect regional economic resilience. The increase in employees in scientific research and technical services can enhance the regional economic resilience in the face of shock. The FDI and unemployment rates did not pass the significance tests; however, the coefficients of the variables were positive and negative, respectively, which means that the FDI might be good for regional economic resilience, while the unemployment rate might have a negative impact on the regional economic resilience.
The industrial structure (−2.638) had a significantly negative influence on the regional economic resilience. The characteristics of regional industrial structure is a key factor of regional economic resilience. The increase of the proportion of the secondary industry in Liaoning will function negatively to regional economy to cope with shocks. The Herfindahl-Hirschman index (−2.541) significantly and negatively affects regional economic resilience. It means that the diversification of economic structure contributes to the improvement of regional economic resilience [3, 4] , in turn, the specialization of economic structure harms the ability of the regional economy to cope with shocks [35] . The economic development level also significantly and negatively affects regional economic resilience, which means that the improvement of the regional economic development level of Liaoning will restrict the regional economic resilience. The spatial error autocorrelation coefficient has a significantly negative influence on regional economic resilience, which indicates that the improvement of the economic resilience of the surrounding areas will lead to the decline of local regional economic resilience.
Discussion and Conclusions
Regional economic resilience is considered to be important in explaining regional differences in response to economic recession [9] . In the field of regional studies, research on resilience is still in its infancy. Most studies analyze the regional economic resilience of Western countries from the national macrospatial scale, and there is a lack of research countries or regions in other context from a microspatial scale. Additionally, most of the existing studies only select one development stage to analyze regional economic resilience and ignore the spatial co-relationship between different regions, which is very likely to neglect the tempo-spatial features of regional economic resilience. This paper analyzed the regional economic resilience of the Liaoning old industrial base in China in terms of its resistance and recoverability from 1990 to 2015, by constructing a panel data spatial econometric model using panel data. Based on the characteristics of the research area, this paper explored the regional economic resilience determinants of the Liaoning old industrial base from eight aspects including the industrial structure, local labor market, financial environment, governance arrangement, innovation ability, the degree of diversity in economic structure, economic development level, and effects of surrounding areas.
Three key findings can be drawn from this research. First, the ability of most cities in Liaoning to resist shocks was low (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) and their economic systems were very vulnerable; this is a typical case which manifest how old industrial bases react to shocks. Second, we found that the regional public finance expenditure, the number of employees in scientific research and technical services, and the diversity of economic structure had significantly positive effects on regional economic resilience in Liaoning. However, the industrial structure and economic development level were significantly negatively related to regional economic resilience in 14 cities in Liaoning Province. Third, regional economic resilience in 14 cities in Liaoning Province during the three periods also indicated a spatial autocorrelation. Interestingly, we have specific findings which show that the improvement of the economic resilience in the surrounding areas will lead to the decline of local regional economic resilience in Liaoning province. This may be related to the siphon effect of regional economic resilience. The economic systems of regions with high regional economic resilience normally perform well in response to external shocks, which can attract the influx of different resources such as human capital, financial capital, and technologies from surrounding areas that are seriously affected by the shock. Through this, high regional economic resilience will limit the economic resilience of the surrounding regions. This indicates that in the process of regional development, Liaoning Province should strengthen the relationship with the surrounding regions. The regions with high economic resilience should play a leading role in feeding-back and supporting the development of regions with low economic resilience.
Overall, the findings above suggest that Liaoning old industrial base has a weak ability to cope with shocks and is vulnerable to external disruptions, which has led the region to enter the economic recession. Moreover, new challenge has emerged in the regional economy development of old industrial bases such as Liaoning province, against the context of Chinese government's great emphasis on the transition of economic development mode from a labor-and resource-intensified economy to high-quality development in recent years [7] . Old industrial bases in China, which is struggling to recover from the last-round economic recession and whose current economy resilience might be too low to support such a smooth transition, need to enhance its regional economic resilience from various dimensions.
The first one possible strategy can be to attract more talents and increase capital investment to enhance regional innovation capability. The level of regional innovation is an important factor for enhancing regional economic resilience [6, 23] , and the regions with strong innovation capabilities can maintain economic development through structural and organizational adaptation in the face of shocks or use the shock to break the original path and create new development paths to restore economic development [2, 23] . The improvement of innovation capability requires the input of human and financial capital, while in old industrial bases in China, such as Liaoning Province, has suffered serious population loss in recent years. Many high-quality talents have left [39] , resulting in a shortage of human capital. At the same time, Liaoning Province's investment in science and technology research is insufficient. In 2015, Liaoning Province's R&D expenditure accounted for 1.27% of GDP, which is much lower than the national average (2.07%). The innovation capacity of Liaoning Province is at a medium level in China, and Liaoning's innovation ability ranking has fallen from 8th in 2011 to 15th in 2015 [40] . Therefore, fully stimulating Liaoning's regional innovation potential can become a long-term driving force for enhancing Liaoning's regional economic resilience and realizing economic revitalization. Accelerating the industrial transformation and increasing the degree of economic diversity is the second possible strategy to increase the regional economic resilience. The economic structure of Liaoning Province has been featured by the excessive proportion of secondary industry. The proportion of secondary industry in Liaoning is higher than the national average. Meanwhile, the heavy industry's GDP has accounted for more than 70% of the total secondary industry for decades. The heavy industry sector is more vulnerable to market change [41] . This has led to a high degree of specialization in Liaoning, which has limited the degree of economic structure diversification and weakened the ability of the regional economy to cope with shocks. Last but not least, to improve local governance level can be another strategy for Liaoning Province to enhance regional economic resilience [11, 27, 42] . The Liaoning old industrial base has long been affected by China's planned economy regime and the central and local governments play an important role in guiding and promoting the development of the regional economy. The good place-based policy can provide an excellent software and hardware environment for the development of the enterprises, attracting high-quality talents and investments to stimulate the regional innovation potential [2, 8] . Based on the regional economic development experiences in the past decades, we expect that top-down government arrangement will continue to play a key role for old industrial bases-such as Liaoning Province-to respond to shocks, to enhance regional economic resilience, and to achieve economic revitalization. 
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